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Abstract. Systemic treatment for unresectable advanced
hepatocellular carcinoma (HCC) primarily comprises targeted
therapy and immunotherapy, which have demonstrated
improved therapeutic efficacy compared with chemotherapy.
However, the overall efficacy for patients remains below
expectations. Hepatic artery infusion chemotherapy (HAIC),
a novel approach in the treatment of HCC, involves the direct
and continuous administration of chemotherapeutic drugs
to liver tumors through catheters. The high concentration of
chemotherapeutic drugs not only rapidly reduces tumor burden
but also induces immunogenic cell death, promoting the
release of tumor-associated antigens, tumor-specific antigens
and damage-associated molecular patterns. This markedly
enhances the infiltration of dendritic cells and antigen-specific
CD8*T cellsin the tumor microenvironment, thereby enhancing
the antitumor effect of programmed cell death protein 1
(PD-1) inhibitors. Lenvatinib, an anti-angiogenic agent, not
only inhibits neo-angiogenesis in hepatic tumor tissues but
also effectively mitigates VEGF-mediated immunosuppres-
sion. Therefore, the combination of HAIC with lenvatinib and
PD-1 inhibitors exhibits a synergistic effect, overcoming the
limitations of individual therapies and maximizing overall
antitumor efficacy. The present study demonstrated that this
triple therapy enhanced the objective response rate (69.7%;
95% CI, 51.3-84.4%) and disease control rate (90.9%; 95%
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CI, 75.7-98.1%) in patients with unresectable HCC. In terms
of survival outcomes, the median progression-free survival
with the triple therapy was 9.7 months (95% CI, 9.3-11.6),
and the median overall survival was 17.4 months (95% ClI,
15.4-24.3). Additionally, the safety profile was favorable, with
a low incidence of moderate to severe adverse events, and no
treatment-associated mortalities were reported.

Introduction

Liver cancer is a notable global health issue, characterized
by high morbidity and mortality rates. According to the 2022
data from the International Agency for Research on Cancer
(IARC), there were 865,269 newly diagnosed cases of liver
cancer worldwide, representing 4.3% of all malignant tumor
cases and ranking sixth in tumor incidence. Additionally, a
total of 757,948 mortalities were attributed to liver cancer,
representing 7.8% of all cancer-associated mortalities and
placing it as the third leading cause of cancer mortalities (1). In
China, liver cancer is notably prevalent, ranking fourth in inci-
dence among malignant tumors and second in mortality (2).
Most patients have hepatitis B virus (HBV) infection and liver
cirrhosis. Upon seeking medical care, most present in the
intermediate or advanced stages of the disease, characterized
by notable hepatic tumor burden and a high incidence of portal
vein tumor thrombus (PVTT), thereby losing the opportunity
for surgical intervention (3).

Treatments for early-stage hepatocellular carcinoma
(HCC) primarily include surgical resection, liver transplanta-
tion and ablation. For advanced HCC, the main therapeutic
approaches consist of trans-arterial chemoembolization,
systemic therapy and perioperative management to facilitate
the surgical procedure (4,5). In previous years, there have been
numerous advancements in the treatment of advanced HCC,
particularly the integration of immunotherapy and targeted
therapy, which has markedly prolonged patient survival. The
IMbrave 150 trial evaluated the efficacy and safety of atezoli-
zumab plus bevacizumab compared with sorafenib for the
treatment of advanced or metastatic HCC. The results showed
a median overall survival (mOS) of 19.2 months and an objec-
tive response rate (ORR) of 30% among patients receiving the
combination of atezolizumab and bevacizumab (6,7).
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Local treatments, such as vascular interventional emboliza-
tion, ablation and radiotherapy, in combination with systemic
drug therapy, have emerged as a novel approach for managing
unresectable HCC. Hepatic arterial infusion chemotherapy
(HAIC) represents a localized therapeutic approach for HCC,
employing a catheter to administer chemotherapy agents
directly and continuously to the tumor site within the liver.
This technique not only enhances the local concentration of
anticancer agents in the neoplastic tissue but also mitigates
systemic adverse effects. A retrospective study performed in
China demonstrated that the combination of HAIC, lenvatinib
and PD-1 inhibitor was efficacious in managing advanced
HCC characterized by Vp4-type portal vein tumor thrombus
and/or liver invasion >50%. The ORR and disease control
rate (DCR) were 76.7 and 92.2%, respectively, with a median
progression-free survival (mPFS) of 9.6 months (95% ClI,
8.5-10.8) and a mOS of 19.3 months (95% CI, 11.0-27.5). The
study also indicated favorable safety profiles and manageable
adverse events (AEs) (8).

The triple combination of hepatic arterial infusion
chemotherapy (HAIC) with targeted immunotherapy has
demonstrated preliminary notable efficacy in treating unre-
sectable advanced HCC. To further validate these findings, the
present retrospective comparative study was performed.

Materials and methods

Study population. The present retrospective study was
performed on 63 patients with Barcelona Clinic Liver Cancer
(BCLC) stage B or C HCC who received either a combina-
tion of HAIC, lenvatinib and a PD-1 inhibitor (triple therapy)
or lenvatinib and a PD-1 inhibitor (dual therapy) as first-line
treatment at Tengzhou Central People's Hospital Affiliated to
Jining Medical College (Tengzhou, China) from January 2020
to December 2023. All patients were diagnosed with HCC
based on non-invasive or biopsy criteria (9,10).

The inclusion criteria for the present study were as follows:
i) Age of 18-75 years old; ii) Patients with Child-Pugh class A
or B with ascites or hepatic encephalopathy albumin-bilirubin
grade 1 or 2; iii) European Cooperative Oncology Group
0-2; iv) patients with BCLC stage B or C who were initially
unresectable; v) =1 liver lesion was evaluable according to
the modified Response Evaluation Criteria in Solid Tumors
(mRECIST) (11-13); vi) adequate organ function, defined
as an absolute neutrophil count >2.0x10%1, platelet count
>50x10%]1, total bilirubin <50 pmol/l, serum albumin >28 g/1,
AST and ALT levels within 5 times the upper limit of normal
(normal range, 0-40 U/l), creatinine clearance within 1.5
times the upper limit of normal (normal range, 80-120 ml/
min) and a normal left ventricular ejection fraction (normal
range, 50-70%); and vii) no prior antitumor therapy. Exclusion
criteria were as follows: i) Multiple organ dysfunctions and
immune disorders; ii) the combination of hepatobiliary system
infection, fever and/or bleeding; and iii) allergic to the treat-
ment drug used in the present study.

Treatment procedure. Patients voluntarily choose either triple
or dual therapy and signed an informed consent form before
the initiation of treatment. The triple therapy regimen was as
follows: FOLFOX-HAIC (oxaliplatin, 85 mg/m? continuous

arterial infusion 2 h; leucovorin, 400 mg/m? continuous arterial
infusion 2 h; 5-fluorouracil, 2,400 mg/m? continuous arterial
infusion 46 h; every 4 weeks), lenvatinib (8 mg once daily),
PD-1 inhibitors (camrelizumab 200 mg or sintilimab 200 mg,
every 3 weeks). The dual therapy regimen was as follows:
Lenvatinib [8 mg (body weight <60 kg) or 12 mg (body weight
>60 kg) once daily], PD-1 inhibitors (camrelizumab 200 mg or
sintilimab 200 mg, every 3 weeks).

The HAIC operational process was as follows: Under
DSA guidance, the femoral artery was punctured using the
Seldinger technique under local anesthesia. A 5F vascular
sheath was subsequently inserted, followed by the use of a
5F RH catheter or Cobra catheter for selective angiography
of the celiac axis and superior mesenteric artery to elucidate
the blood supply to the liver tumor. A 2.7F microcatheter was
introduced via the coaxial catheter technique, with the tip of
the microcatheter positioned at the origin of the left or right
hepatic artery supplying the liver lobe that harbors the tumor.
If there were multiple liver invasions involving =2 liver lobes,
the tip of the microcatheter traversed the gastroduodenal artery
and was positioned in the proper hepatic artery. Subsequently,
FOLFOX chemotherapy agents were continuously infused
through the pre-established catheter, diffusing into the tumor
tissue.

The choice of PD-1 inhibitors was mainly based on the
availability of the drugs and the patients' willingness to use
them. Commonly used PD-1 inhibitors include camrelizumab
and sintilimab, both of which have demonstrated notable effi-
cacy in multiple clinical trials for the treatment of HCC (14,15).

According to the Common Toxicity Criteria for AEs
version 5.0 (CTCAE v5.0) (16) published by the National
Cancer Institute of the United States, in conjunction with
the specific characteristics of immune checkpoint inhibitor
(ICI)-associated AEs. The present study systematically
assessed and managed the AEs experienced by the enrolled
patients (17,18). Grade 1 AEs did not influence the treatment
course. For grade 2 AEs, the original treatment plan was
temporarily suspended. Once symptoms had been adequately
controlled through symptomatic therapy, patients resumed the
original treatment plan. Grade 3 AEs required discontinua-
tion of the initial treatment regimen and initiation of active
symptomatic management. Once the AEs had been reduced
to grade <1, the patient could resume the original treatment
plan at a reduced dosage. Grade =4 adverse events would result
in the termination of the initial treatment plan, with active
management to bring patients out of danger.

Follow-up. All patients enrolled in this study were followed up
every 3 months, either by telephone or through in-person visits
at the outpatient clinic or ward. Contrast-enhanced CT or MRI
scans were performed every 6-8 weeks to evaluate tumor
changes and laboratory test results were collected throughout
the treatment period. The efficacy assessment was performed
according to the mRECIST, specifically by measuring the
maximum diameter of the enhancing active region in each
lesion.

The treatment response was assessed using the following
criteria: Complete response (CR), partial response (PR), stable
disease (SD) and progressive disease (PD). The ORR was
calculated as (CR + PR)/total number of patients x100%, and



the DCR was calculated as (CR + PR + SD)/total number of
patients x100%. Survival outcomes encompassed PFS and OS.
AE assessment was performed using the CTCAE v5.0.

Statistical analysis. Statistical analyses were performed
using R (RStudio, Inc.; version 4.2.1) and SPSS (IBM Corp.;
version 26.0). Continuous numerical variables conforming to
a normal distribution (Kolmogorov-Smirnov test) are repre-
sented as mean + standard deviation, while those not adhering
to a normal distribution are represented as median (interquar-
tile range: Q1, Q3). Categorical variables are represented as the
number of cases and their respective percentages. Continuous
numerical variables between different groups were compared
using the Student's t-test or Mann-Whitney U test, as appro-
priate. Categorical variables between different groups were
compared using the ¥ test or Fisher's exact test, depending on
the data characteristics. Survival analysis was performed to
statistically evaluate the data. Survival curves were constructed
using the Kaplan-Meier method and the Log-rank test was
applied to assess univariate survival differences. Variables
that exhibited statistical significance (P<0.05) in univariate
analysis were subjected to the Schoenfeld residual test to
evaluate whether the proportional hazards (PH) assumption
was satisfied. If the PH assumption (P>0.05) was valid, the
variables were subsequently included in the Cox proportional
hazards regression model for multivariate analysis. Otherwise,
the variables were stratified based on survival time and subse-
quently subjected to multivariate analysis or analyzed using
time-dependent covariates (19-21).

Results

Patient baseline characteristics and treatment. A total of
63 patients who met the criteria were included in the present
retrospective cohort study. The last follow-up date was June
2024, and the median follow-up time was 26.6 months. The
baseline characteristics of the enrolled patients are summa-
rized in Table I. Among the 63 patients, 33 were male and
30 were female, with a median age of 56 years (Ql, 46.5;
Q3, 64.0). The majority of the patients were infected with
HBYV, and 43 HBsAg-positive patients accounted for 68.3%
of the total population. The proportions of Child-Pugh A
and B were 69.8 and 30.2%, respectively. Most patients were
diagnosed at an advanced stage, with 45 patients (71.4%) clas-
sified as BCLC C stage, thereby losing the opportunity for
surgical resection. Additionally, a notable number of patients
exhibited PVTT. Among patients with PVTT, 38 were clas-
sified as type Vp3-4, accounting for 60.3%. Of these, 21
received triple therapy, while 17 received dual therapy. There
were 20 patients with extrahepatic metastasis, accounting for
31.7%. Among them, 12 patients received dual therapy and 8
received triple therapy.

All baseline characteristics were balanced between
the 33 patients receiving triple therapy and the 30 patients
receiving dual therapy (P>0.05).

Tumor response. The evaluation of tumor response
was performed according to mRECIST, specifically by
measuring the maximum diameter of the enhancing region
in each lesion (22). In the HAIC combined with targeted
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Figure 1. Waterfall plot for tumor size changes of all patients based on the
modified Response Evaluation Criteria in Solid Tumors. PD, progressive
disease; PR, partial response.

immunotherapy group, the CR, PR, SD and PD rates were 2
(6.1%), 21 (63.6%), 7 (21.2%) and 3 (9.1%), respectively. In the
targeted immunotherapy group, the corresponding rates were
0 (0.0%), 11 (36.7%), 13 (43.3%) and 6 (20.0%), respectively.
A waterfall chart presented in Fig. 1 illustrates the changes
in tumor size for all 63 patients after treatment. The ORR
of the triple therapy group was 69.7% (23 out of 33 patients)
compared with 36.7% (11 out of 30 patients) in the dual therapy
group (P=0.017), indicating a significant improvement in ORR
for the triple therapy group. The DCR in the triple therapy
group was 90.9% (30 out of 33 patients) compared with 80.0%
(24 out of 30 patients) in the dual therapy group (P=0.381). No
significant difference in the DCR was observed between the
two groups, as detailed in Table II.

Survival. The mPFS for the triple therapy group was
9.7 months (95% CI, 9.3-11.6), with mPFS rates of 84.6%
at 6 months and 23.2% at 12 months. The mPFS for the dual
therapy group was 6.8 months (95% CI, 6.3-8.4), with PFS
rates of 70.0% at 6 months and 4.1% at 12 months. Patients
who received the triple therapy had a significantly lower risk
of recurrence compared with those who received dual therapy
[Fig. 2; hazard ratio (HR)=0.32; 95% CI1,0.18-0.57; P<0.001].
The mOS in the triple therapy group was 17.4 months (95% CI,
15.4-24.3), with OS rates of 97.0, 72.7 and 45.5% at 6, 12 and
18 months, respectively. In the dual therapy group, the mOS was
15.3 months (95% CI, 13.3-18.4), with corresponding OS rates
of 86.7,73.2 and 29.9% at 6, 12 and 18 months, respectively.
In the multivariate analysis of OS, the dual therapy group did
not satisfy the PH assumption for OS during the first year. The
survival curves of the dual therapy group showed no significant
difference within the first year. However, after the first year,
the survival rate of the triple therapy group was significantly
higher compared with that of the dual therapy group, and the
PH assumption was satisfied. Therefore, a stratified analysis
of OS time was performed to assess the HR between the two
groups post the first year (Fig. 3; HR=0.34; 95% CI, 0.17-0.68;
P=0.003). Triple therapy showed a significant advantage over
dual therapy in improving long-term survival rates >1 year for
patients with HCC.

In the present cohort study, a total of 38 high-risk patients
with advanced HCC characterized by Vp3-4 vascular invasion
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Table I. Baseline characteristics of the enrolled patients.

Variables Total, n=63 Dual therapy, n=30 Triple therapy, n=33 P-value

Median age, years (Q1, Q3) 56.0 (46.5,64.0) 50.5 (44.3,62.0) 57.0 (50.0, 66.0) 0.223

Sex 0516
Male 33(524) 17 (56.7) 16 (48.5)
Female 30 (47.6) 13 (43.3) 17 (51.5)

ECOG 0.677
0 11 (17.5) 4(13.3) 7(21.2)
1 39 (61.9) 19 (63.3) 20 (60.6)
2 13 (20.6) 7(23.3) 6(18.2)

Child-Pugh 0.565
A 44 (69.8) 22 (73.3) 22 (66.7)
B 19 (30.2) 8 (26.7) 11 (33.3)

BCLC 0.425
B 18 (28.6) 10 (33.3) 8(24.2)
C 45(71.4) 20 (66.7) 25(75.8)

HBsAg 0.180
Positive 43 (68.3) 18 (60.0) 25 (75.8)
Negative 20 (31.7) 12 (40.0) 8(24.2)

Hepatic vein invasion 0.857
No 53 (84.1) 26 (86.7) 27 (81.8)
Yes 10 (15.9) 4(13.3) 6(18.2)

Portal vein tumor thrombus 0.802
Vp0-2 25 (39.7) 13 (43.3) 12 (36 4)
Vp3 28 (44.4) 13 (43.3) 15 (45.5)
Vp4 10 (15.9) 4(13.3) 6(18.2)

Extrahepatic metastasis 0.180
No 43 (68.3) 18 (60.0) 25 (75.8)
Yes 20 (31.7) 12 (40.0) 8(24.2)

AFP 0.314
>200, <400 pg/l 15 (23.8) 516.7) 10 (30.3)
>400 ug/l 44 (69.8) 22 (73.3) 22 (66.7)
<200 pg/l 4(64) 3(10.0) 1(3.0)

Platelet count 0.957
Decreased 17 (27.0) 8 (26.7) 9(27.3)
Normal 46 (73.0) 22 (73.3) 24 (72.7)

ALBI >0.999
Grade 1 42 (66.7) 20 (66.7) 22 (66.7)
Grade 2 21(33.3) 10 (33.3) 11 (33.3)

Maximum tumor size 0.942
<10 cm 36 (57.1) 17 (56.7) 19 (57.6)
>10 cm 27 (42.9) 13 (43.3) 14 (42.4)

Number of intrahepatic tumors 0.904
>3 31(49.2) 15 (50.0) 16 (48.5)
<3 32 (50.8) 15 (50.0) 17 (51.5)

Data presented as n (%). BCLC, Barcelona Clinic Liver Cancer; HBsAg, hepatitis B surface antigen; AFP, alpha fetal protein; ALBI,
albumin-bilirubin; ECOG, Eastern Cooperative Oncology Group.

were recruited. Among these patients, 21 received triple exhibited significantly improved clinical outcomes compared
therapy, while 17 received dual therapy. The triple therapy  with the dual therapy, with mPFS of 10.6 months (95% CI,



Table II. Summary of tumor response.
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Response Triple therapy, n=33 Dual therapy, n=30 P-value
Complete response 2(6.1) 0(0.0) 0.487
Partial response 21 (63.6) 11 (36.7) 0.032
Stable disease 7(21.2) 13 (43.3) 0.060
Progressive disease 309.1) 6 (20.0) 0.381
Objective response rate 23 (69.7) 11 (36.7) 0.017
95% CI 51.3-844 19.9-56.1
Disease control rate 30 (90.9) 24 (80.0) 0.381
95% CI 75.7-98.1 61.4-92.3

Data presented as n (%).
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Figure 2. Kaplan-Meier curve illustrating the mPFS of all patients who underwent triple therapy vs. dual therapy. mPFS, median progression-free survival;

HR, hazard ratio; CI, confidence intervals.

9.2-12.0) vs. 6.5 months (95% CI, 6.2-8.4) (Fig. 4; P=0.00018).
Additionally, mOS was 17.4 months (95% CI, 14.3-26.5) for
triple therapy vs. 15.3 months (95% CI, 13.3-23.4) for dual
therapy (Fig. 5; P=0.044).

A total of 20 patients with extrahepatic metastasis were
included in the present study, with 8 receiving triple therapy
and 12 receiving dual therapy. Compared with dual therapy,
triple therapy showed a mPFS of 6.7 months (95% CI,
5.2-NA) vs. 6.4 months (95% CI, 5.2-NA) (Fig. 6; P=0.63).
Additionally, the mOS was 10.1 months (95% CI, 8.3-NA) for
triple therapy compared with 15.0 months (95% CI, 12.3-NA)
for dual therapy (Fig. 7; P=0.058). For advanced HCC with

extrahepatic metastasis, the triple therapy demonstrated no
significant difference in PFS or OS compared with the dual
therapy.

Safety. Regarding safety, in the triple therapy group, the
incidence of any grade AEs, listed from highest to lowest,
was as follows: Abdominal pain (21 patients, 63.6%),
increased aminotransferase (19 patients, 57.6%), nausea and
vomiting (15 patients, 45.5%), fatigue (14 patients, 42.4%),
hypertension (14 patients, 42.4%), hyperbilirubinemia
(13 patients, 39.4%), leukopenia (12 patients, 36.4%), throm-
bocytopenia (12 patients, 36.4%) and pruritus (11 patients,
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Figure 3. Kaplan-Meier curve illustrating the mOS of all patients who underwent triple therapy vs. dual therapy. mOS, median overall survival; HR, hazard
ratio; CI, confidence intervals.
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Figure 4. Kaplan-Meier curve illustrating the mPFS of patients with Vp3-4 who underwent triple therapy vs. dual therapy. mPFS, median progression-free
survival.

33.3%). In the dual therapy group, the incidence of any grade (6 patients, 20.0%) and leukopenia (5 patients, 16.7%).The
AEs was as follows: Fatigue (10 patients, 33.3%), hyper- incidence of any grade AEs was higher in the triple therapy
tension (9 patients, 30.0%), pruritus (8 patients, 26.7%), group compared with the dual therapy group, specifically
increased aminotransferase (7 patients, 23.3%), proteinuria  for abdominal pain (63.6 vs. 13.3%; P<0.001), increased
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Figure 5. Kaplan-Meier curve illustrating the mOS of patients with Vp3-4 who underwent triple therapy vs. dual therapy. mOS, median overall survival.
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Figure 6. Kaplan-Meier curves illustrating the mPFS of patients with extrahepatic metastasis who underwent triple therapy vs. dual therapy. mPFS, median
progression-free survival.

aminotransferase (57.6 vs. 23.3%; P=0.006), nausea and The incidence of grade 3-4 AEs in the triple therapy group,
vomiting (45.5 vs. 13.3%; P=0.006) and hyperbilirubinemia ranked from highest to lowest, was as follows: Increased
(39.4 vs. 13.3%; P=0.02). All these AEs were graded as mild aminotransferase (5 patients, 15.2%), abdominal pain
(grade 1-2) and were well-tolerated by patients, with no (3 patients, 9.1%), hypertension (3 patients, 9.1%), thrombo-
significant impact on treatment progression. cytopenia (3 patients, 9.1%), nausea and vomiting (2 patients,
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Table III. Treatment-related adverse events.

Triple therapy group, n=33 Dual therapy group, n=30 P-value
Adverse event Any grade Grade 3-4 Any grade Grade 3-4 Any grade Grade 3-4
Abdominal pain 21 (63.6) 3(9.1) 4 (13.3) 0(0.0) P<0.001 0.271
Hyperbilirubinemia 13 (39.4) 2(6.1) 4(13.3) 1(3.3) 0.020 P>0.999
Increased aminotransferase 19 (57.6) 5(15.2) 7(23.3) 2(6.7) 0.006 0.504
Nausea/vomiting 15 (45.5) 2(6.1) 4(13.3) 0(0.0) 0.006 0515
Fatigue 14 (42.4) 1(3.0) 10 (33.3) 0(0.0) 0.458 P>0.999
Leukopenia 12 (36.4) 1(3.0) 5(16.7) 0(0.0) 0.079 P>0.999
Thrombocytopenia 12 (36.4) 3(9.1) 10 (33.3) 2(6.7) 0.801 P>0.999
Hypertension 14 (42.4) 39.1) 9 (30.0) 2(6.7) 0.306 P>0.999
Proteinuria 10 (30.3) 0(0.0) 6(20.0) 0(0.0) 0.348 -
Rash 6(18.2) 0(0.0) 4(13.3) 0(0.0) 0.857 -
Pruritus 11 (33.3) 0(0.0) 8 (26.7) 0(0.0) 0.565 -
Reactive cutaneous capillary 4.(12.1) 0(0.0) 4 (13.3) 0(0.0) P>0.999 -
endothelial proliferation
Immune-related pneumonitis 3.1 0(0.0) 4 (13.3) 1(3.3) 0.894 0.962
Immune-related enteritis 2(6.1) 0(0.0) 2(6.7) 0(0.0) P>0.999 -
Immune-related thyrotoxicosis 4 (12.1) 0(0.0) 4(13.3) 1(3.3) P>0.999 0.962

Data presented as n (%).

6.1%) and hyperbilirubinemia (2 patients, 6.1%). In the dual
therapy group, the incidence of grade 3-4 AEs was as follows:
Increased aminotransferase (2 patients, 6.7%), hypertension
(2 patients, 6.7%) and thrombocytopenia (2 patients, 6.7%).
Grade 3-4 AEs in both groups were relatively infrequent,
and no significant differences were observed between the two
groups. No treatment-associated mortalities occurred in either
the triple therapy group or the dual therapy group (Table III).

Discussion

In previous years, notable advancements have been made
in systemic therapies for unresectable advanced HCC. With
the evolving comprehensive treatment paradigm, extensive
clinical evidence has demonstrated that the integration of local
and systemic treatments can yield superior outcomes in terms
of local control, long-term survival and surgical conversion
rates for unresectable advanced HCC.

Systemic chemotherapy is rarely utilized in the treatment
of HCC due to its limited efficacy and high incidence of AEs.
Currently, the treatment of HCC primarily focuses on targeted
therapy, immunotherapy, interventional therapy, surgical
intervention and multimodal combination approaches. In
2007, sorafenib received approval for clinical use, marking
a notable milestone in the targeted therapy for HCC. The
SHARP study demonstrated that sorafenib extended the
mOS to 10.7 months compared with 7.9 months with placebo
(HR=0.69; 95% CI, 0.55-0.87; P<0.001); however, the ORR
remained low at 2% (23). The REFLECT study compared the
efficacy of lenvatinib and sorafenib as first-line treatments for
unresectable HCC, and the results showed that lenvatinib was
not superior to sorafenib in OS (HR=0.92; 95% CI, 0.79-1.06).

The mOS for both groups were 13.6 vs. 12.3 months, respec-
tively. The mPFS for both groups were 7.4 vs. 3.7 months,
respectively (HR=0.66; 95% CI, 0.57-0.77; P<0.0001), indi-
cating a significantly improved PFS for lenvatinib compared
with sorafenib (24). The use of targeted therapy alone for
advanced HCC exhibits limited clinical efficacy, with an
ORR (based on RECIST 1.1 criteria) typically <20%, ~2% for
sorafenib and 18% for lenvatinib, while the mOS is maintained
at 10-13.5 months (25).

In order to improve the treatment outcomes for advanced
HCC, a study from China aimed to evaluate the efficacy of
sorafenib combined with HAIC vs. sorafenib alone for patients
with HCC characterized by Vp3-4 PVTT. The results demon-
strated that the mOS for the sorafenib plus HAIC group was
16.3 months (95% CI, 0.0-35.5), whereas it was 6.5 months
(95% C1, 4.4-8.6) for the sorafenib-only group (HR=0.28; 95%
CI, 0.15-0.53; P<0.001). Furthermore, the ORR was signifi-
cantly higher in the sorafenib plus HAIC group (41 vs. 3%;
P<0.001) and the mPFS was also prolonged (9.0 vs. 2.5 months;
HR=0.26; 95% CI, 0.15-0.47; P<0.001) (26). Therefore, the
combination therapy utilizing HAIC could markedly enhance
the therapeutic efficacy for advanced HCC.

HAIC represents a locoregional therapeutic approach
for HCC. Previous clinical studies have demonstrated that
FOLFOX-HAIC and its combination therapies have exhibited
promising efficacy in treating advanced HCC (27-31). Notably,
the triple therapy regimen integrating HAIC with targeted and
immunotherapy not only enhanced therapeutic outcomes but
also maintained a favorable safety profile without a notable
increase in treatment-related AEs (8,32-34). A previous study
by Lai et al (35) reported 36 high-risk patients with advanced
HCC, characterized by liver involvement >50% or Vp3-4 type
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Figure 7. Kaplan-Meier curves illustrating the mOS of patients with extrahepatic metastasis who underwent triple therapy vs. dual therapy. mOS, median

overall survival.

PVTT, who received FOLFOX-HAIC combined with lenva-
tinib and PD-1 inhibitors. The results demonstrated an ORR
of 66.7%, a DCR of 88.9%, an mPFS of 10.4 months (95% ClI,
5.8-15.0) and an mOS of 17.9 months (95% CI, 14.5-21.3) (35).
In the IMbravel50 study, the mOS for high-risk patients
was only 7.6 months (95% CI, 6.6-12.8). Therefore, it can
be considered that the triple therapy demonstrates improved
performance in high-risk patients with HCC. The present study
yielded comparable findings, enrolling a total of 38 patients
with Vp3-4. Among these patients, 21 were treated with triple
therapy, while 17 were treated with dual therapy. The results
demonstrated that triple therapy was associated with signifi-
cantly improved outcomes compared to dual therapy in terms
of both PFS (10.6 vs. 6.5 months; P<0.001) and OS (17.4 vs.
15.3 months; P=0.044).

In the triple therapy regimen, HAIC continuously
administers chemotherapeutic agents directly into the
liver, achieving high drug concentrations within the tumor
tissue. This facilitates the rapid and efficient eradication of
tumor cells, thereby markedly reducing the tumor burden.
Concurrently, it induces immunogenic cell death (ICD) in the
tumor microenvironment, thereby potentiating the efficacy
of immunotherapy (36-39). A 2021 study published by the
Massachusetts Institute of Technology demonstrated that
tumor cells with DNA damage induced by chemotherapy can
activate T cells through a mechanism mediated by dendritic
cells. In mouse melanoma models, the intra-tumoral injection
of ex vivo chemotherapy-associated tumor cells can serve as an
effective immune adjuvant, markedly enhancing the infiltra-
tion of dendritic cells and antigen-specific CD8" T cells within
the tumor microenvironment and synergistically potentiating

the antitumor efficacy of immunotherapeutic agents (40).
Systemic administration of chemotherapeutics may compro-
mise the anticancer immune response by inducing systemic
immunosuppression. By contrast, local administration of
high-concentration chemotherapeutics or chemotherapeu-
tics-induced immunogenic antigens have the potential to
enhance the efficacy of immunotherapy. This enhancement
is achieved through the induction of ICD in tumor cells,
which promotes the release of tumor-associated antigens,
tumor-specific antigens (TAMS) and damage-associated
molecular patterns. Additionally, this approach can disrupt
immunosuppressive microenvironments by reducing tumor
burden (41). Chemoimmunotherapy represents an innovative
cancer treatment modality that synergistically integrates the
benefits of conventional chemotherapy with those of immu-
notherapy. This approach has demonstrated notable efficacy
in treating several types of tumors (42). In the present study,
the incorporation of HAIC markedly enhanced the long-term
antitumor efficacy of immunotherapy agents. Specifically, the
HR for OS beyond the first year (HR=0.34; 95% CI, 0.17-0.68;
P=0.003) in the triple therapy group compared with the dual
therapy group supports this conclusion.

VEGF serves as a crucial mediator in tumor angiogenesis
and contributes to antitumor immune suppression. It inhibits the
maturation of dendritic cells, resulting in the inactivation of CD8*
T cells. Additionally, VEGF potently induces the recruitment and
expansion of Tregs, TAMs and myeloid-derived suppressor cells,
fostering an immunosuppressive tumor microenvironment (43).
Therefore, anti-angiogenic drugs not only inhibit the formation
of new blood vessels in tumors to exert antitumor effects but
also effectively alleviate VEGF-mediated immune suppression,
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reshape the tumor microenvironment and enhance the efficacy
of immunotherapy (44-46). Therefore, the combination of
HAIC-FOLFOX and targeted immunotherapy exhibits a syner-
gistic effect, thereby compensating for the limitations of each
approach and maximizing their combined antitumor efficacy (47).

The combination of HAIC and targeted immunotherapy
demonstrated a favorable safety profile in the present study,
with the majority of AEs classified as grade 1-2. Grade 3
events were rare, with <10% of cases exceeding this severity
level. A study performed in 2021 analyzed the safety of
tyrosine kinase inhibitors, ICIs, HAIC and HAIC combined
therapies in treating advanced HCC and found that the
incidence of grade 3-5 AEs was lowest with monotherapy
using oxaliplatin-HAIC (48). Therefore, the combination of
FOLFOX-HAIC with targeted immunotherapy does not seem
to further elevate the incidence of severe AEs.

It is important to note that the present study was conducted
as a single-center trial with a relatively small sample size,
particularly among patients with extrahepatic metastasis.
Furthermore, the subgroup analysis evaluating treatment
benefit was conducted post hoc after all patients had been
enrolled. Additionally, it should be acknowledged that prior
studies have suggested that patients with extrahepatic metas-
tases receiving triple therapy might achieve better therapeutic
outcomes compared to those on dual therapy, which contradicts
the conclusions of our study. Therefore, further large-scale,
multi-center studies are warranted to validate and refine the
findings of this investigation (49,50).

In conclusion, the integration of FOLFOX-HAIC with
lenvatinib and PD-1 inhibitors, as compared with lenvatinib
and PD-1 inhibitors alone, enhances both the efficacy and
safety of treatment for unresectable advanced HCC, while
maintaining manageable treatment-related AEs.
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